Improvement of insulin resistance by removal of systemic hydrogen peroxide by PEGylated catalase in obese mice.
Insulin resistance, a condition in which insulin action is impaired, is one of the characteristic features of type 2 diabetes. Excessive amounts of reactive oxygen species (ROS) interfere with the insulin signaling pathway, which leads to the progression of insulin resistance. To examine whether removal of systemic hydrogen peroxide is effective in improving insulin resistance, polyethylene glycol-conjugated catalase (PEG-catalase), a derivative with a long circulation half-life, was repeatedly injected into leptin-deficient ob/ob or high fat diet-induced obese mice for 16 or 10 consecutive weeks, respectively. Although ob/ob mice gradually gained weight with time irrespective of the treatment, repeated intraperitoneal injections of PEG-catalase significantly reduced glucose levels in the fed state. Glucose and insulin tolerance tests also showed PEG-catalase significantly improved glucose tolerance and insulin sensitivity in ob/ob mice, respectively. Similar but less marked results were obtained in the diet-induced obese mice. Treatment of 3T3-L1 adipocytes with glucose oxidase (GO) increased lipid hydroperoxide formation and reduced insulin-stimulated Akt phosphorylation. Addition of catalase or PEG-catalase significantly inhibited the GO-induced changes in adipocytes. These findings indicate that systemic removal of hydrogen peroxide by PEG-catalase activates the insulin signaling pathway and improves insulin resistance in obese mice.